Two principal arguments against a consolidation-block formulation of anterograde amnesia are the existence of pnor-list intrusion errors and the facilitating effect of cued recall Both of these findings can be explained if one assumes an additional process trace activation of already existing memories. This consolidation-block plus trace-activation view predicts that in densely amnesic patients, learning of new items or relationships is almost impossible to demonstrate and cued recall facilitates performance only on already familiar material We test for trace activation by comparing the performance of six dense anterograde amnesia patients with control subjects on three tasks arbitrary word-paired associates (e.g., late-man), recall of disyllabic words cued with the first syllable (e.g., per-son), and recall of disyllabic pseudowords cued with the first syllable (e.g., com-da). As predicted, amnesic patients showed substantial cued-recall effects for real words and not for pseudowords or arbitrarily paired associates The effect of the cuemg on real words was demonstrated to decay over approximately 120 mm, providing some estimate of the time course of trace activation
The central features of amnesic syndromes are a severe loss of recall of postmorbid (recent) long-term memories and a loss of a feeling of familiarity about recently experienced events, concurrent with what may be normal shortterm memory and intelligence (Korsakoff, 1889; Milner, 1972; Rozin, 1976; Talland, 1965; Warrington & Weiskrantz, 1973) . It has been explained, particularly by Milner (1966 Milner ( , 1972 , in terms of consolidation block The process of converting memories from some sort of labile short-term store to a more permanent store is impaired or destroyed.
Some findings on the performance of am-
The experiments in this article were part of the first author's master's thesis in psychology at the University of Pennsylvania (1974) The results are discussed (without a full presentation) m Rozin (1976) The research was supported by National Science Foundation Grant GB 8013 to the second author We thank Henry Gleitman and James McClelland for their helpful comments and criticisms on the original manuscript (1974) Because neither author had been actively involved in the study of amnesia over the last 5 years, we enlisted Morns Moscovitch to integrate our results with the literature since 1976 We thank him for the extensive additions that he contributed to the introduction and discussion in this article
Requests for reprints should be sent to Ronald Diamond, who is now at the Department of Psychiatry, University of Wisconsin, 600 Highland Avenue, Madison, Wisconsin 53792 nesic patients are difficult to incorporate withm a consolidation-block framework. First, in free-recall experiments involving a series of word lists, amnesics showed high levels of prior-list intrusion errors (Baddeley & Warrington, 1970; Warrington & Weiskrantz, 1968 Winocur, 1982) . This effect is hard to explain given the assumption of consolidation block, according to which no new memories can be laid down. Second, the dismal performance of amnesics on normal longterm memory tasks (e.g., picture or word free recall) is dramatically improved by providing partial recall cues (e.g., some of the letters from a word; Warrington & Weiskrantz, 1970 , 1973 . Because these cues m themselves do not elicit correct responses, the improvement must be attributed to some memory of the prior items. Such findings have led Warrington and Weiskrantz (1970) to consider the amnesic syndrome as a disorder of retrieval rather than of storage. In their view, many memories are competing for the evocation mechanism at the time of recall, and the usual process that selects among them is somehow disordered. The retrieval defect would explain intrusion errors. Cued recall provides a mechanism for sorting out competing memories and thus improves recall according to this position (Warrington & Weiskrantz, 1973) .
In this article we suggest an additional process, trace activation, which when coupled with the basic consolidation-block hypothesis, would account for much of the data that indicates storage of recent experience. The notion is simply that a previously experienced event contacts its already established trace in long-term memory. This contact leads to trace activation, an inferred disposition that enhances the likelihood that the trace will be accessed (retrieved). This activation is assumed to last for some minutes or hours and is further assumed to behave similarly in both normal subjects and amnesics. Our hypothesis, which has some points in common with current views on priming and activation (Collins & Loftus, 1975; Scarborough, Cortese, & Scarborough, 1977) , grew out of an observation of amnesic patients that we have made quite often. After lengthy exposure to a particular word or concept (e.g., dogs or types of dogs) followed by 15 s of a abstractor task, a densely amnesic patient will claim to have no memory for any particular conversation and will claim to have no idea of what the subject might have been If then asked to start a conversation on whatever subject comes to mind, the densely amnesic patient is likely to continue a topic or mention a word from the previous discussion (e.g., dog, terner), even though he or she does not recognize the relevance of the utterance to the expenence of a few moments before.
A trace-activation process coupled with consolidation block can readily explain intrusion errors on already familiar items: Traces from the prior list are still activated and are thus more likely to generate actual responses. Recall cues would help because the patient is faced with various activated traces from recently presented material, and the cue permits him to choose from among these items.
According to this view, existing traces are activated in dense amnesics, but very little new information is entered (consolidated) into long-term memory. In fact, there is support for the notion that learning new materials (e.g., nonsense words, names of people) is especially poor in amnesics (Meyer & Yates, 1965; Starr & Phillips, 1970) . Amnesics get virtually zero correct on the arbitrarily paired nouns on the Wechsler Memory Scale (Meyer & Yates, 1965) . The paired-associates paradigm is itself an instance of cued recall. Thus, it is of particular significance that meaningful paired associates (e.g., black-white) that are like partial recall cues, are learned relatively well in amnesics in comparison to dismal performance on unrelated pairs (Meyer & Yates, 1965) .
A specific disability in storing new information includes the new and unique aspects of an event-such as its time and place-that is experienced only once. The absence of time and place tags due to hypothesized consolidation failure leads to an apparent retrieval defect (Rozin, 1976 ) Claparede (1911 /1951 considered the fundamental defect in the amnesic syndromes to be the loss of personal reference; the sense of having experienced something before in a particular spatiotemporal context. This loss could result from a failure to consolidate the new and unique experiences that provide temporal context tags. Tulvmg's (1972) distinction between episodic and semantic memory relates to these ideas. Episodic memory represents personal, unique experience (I saw Harry at work last Friday, or I remember the word car on the list I just read) as opposed to knowledge, which may be accumulated over many instances and is not tied to unique time-context cues (e.g., my friend Harry, or the meaning of the word car). Because episodic memory is dependent on single, unique experiences, it would be most susceptible to disturbance when consolidation block is impaired. Hence, we suggest that many features of the amnesic syndromes can be accounted for as deficits in the formation of new (episodic) memories. This view predicts that new semantic memories would also be severely compromised m amnesics-a debatable issue at present (Moscovitch, 1982; Schacter & Tulving, 1982) This consolidation-block plus normal traceactivation view predicts that in densely amnesic patients, cued-recall facilitation occurs with previously familiar material but not with new items or relationships, for there can be no trace activation if there is no relevant trace to be activated Because we believe that trace activation occurs relatively automaticallythat is, without conscious effort-we expect to find it even m amnesic patients with dementia, so long as they have a relatively preserved short-term memory and can understand the material and follow the instructions. This article presents a test of this prediction. It also contains a preliminary examination of the characteristics of the hypothesized activation process.
Experiment 1 Method
Subjects A test of our hypothesis requires amnesic subjects Not having access to many pure (near total) amnesic patients, we also used any densely amnesic patient, even if the amnesia was accompanied by low intelligence However, all of our amnesic patients had reasonably intact short-term memories.
Our total patient group numbered 6 amnesic subjects, all of whom could speak fluently and could read simple materials Their performance on a variety of measures is indicated in Table 1 As Table 1 shows, they had digit spans in the normal range and very low to low-normal intelligence All of the scores on the Wechsler Memory Scale were extremely low, in general, the only items contributing points to the memory scale besides those added as part of the age correction were digit span and general orientation (name, city m which tested, etc ) TS and L F earned the diagnosis of alcoholic Korsakoff syndrome Both of them could carry on a reasonable conversation Although disoriented as to the current year (they had been in the hospital for over 1 year), they displayed excellent recall for events of some years before, such as players and their positions on the 1952 Brooklyn Dodgers baseball team The other four patients (H C, H W, FS, and V A.) were diagnosed as senile, with disproportionate memory impairments Of these, only VA showed any recognition of the experimenter after numerous sessions All four senile patients were fluent in speech and disoriented as to time and date Six control subjects were run on the same procedures They were patients undergoing rehabilitation for peripheral injuries (see Table 1 )
Procedure The general plan of the experiment was to compare performance of amnesics and control subjects on three types of material unrelated paired associates (e g., late-man), disyllabic familiar words (e g, person), and disyllabic pseudowords (e.g, comda) Trace activation predicted poor recall for both real and pseudodisyllabic words-but a clear enhancement of memory with first syllable cuing only with disyllabic words-in which the unit to be recalled is already in long-term memory The paired-associates paradigm is itself a cued-recall design, so that with unrelated word pairs, the hypothesis predicts a minimal amount of learning Subjects were presented with lists of paired associates, disyllabic words, and disyllabic pseudowords, in that order, in a Session 1 (See Table 2 ) In Session 2 they were presented with other lists of the same type of materials, but with the disyllabic pseudoword list preceding the disyllabic words
The paired-associates list was made up of six paired associates whose first member was a one-syllable adjective or verb and whose second member was a one-syllable noun (e g, late-man ) All words were very common, with an AA rating on the Thomdike-Lorge scale The pairs were (Ammons & Ammons, 1962 ) NA = not applicable presented on individual 3-mch X 5-inch (7 5-cm X 12 5-cm) index cards and were read aloud by the subjects on each presentation Immediately after each pair was removed, the experimenter read out the stimulus item and the subject had to provide the response item from memory All of the subjects were able to do this quite well, which demonstrated that whatever their ultimate fate, the items were registered in some short-term store After all six paired associates were presented in this manner, there was a recall test To minimize recency effects, a short distractor task was interpolated between the presentation of the sixth pair and the recall test The interpolated task required the subjects to listen to a string of digits (two more than their measured span) and to try to recall them In the subsequent recall test, each stimulus item was presented alone (printed on an index card and read aloud by the experimenter), and the subject had to provide the response Subjects were encouraged to give some response even if they were unsure and to guess, if necessary After all six pairs had been tested in this manner, the next trial began, using the identical procedure, presentation of each pair, followed by its registration test, the distractor task, and the posttrial recall test This cycle was repeated six times or until the subject could recall all six associates on one trial The order in which the pairs were presented was the same from trial to trial, for both presentations and tests
The disyllabic list was made up of six common twosyllable words, selected so that the individual syllables were easily pronounced (e g, win-dow, see Table 2 ) The procedure was similar to that employed above The subject was shown each word and was asked to read it and then to repeat it from memory immediately after the stimulus card was removed. After all six items were presented in this manner, the digit-span abstractor task was administered, and the subjects were asked to recall as many items as they could from the list, regardless of the order This cycle was repeated for six trials or until the subjects had one trial in which their free recall was perfect After the freerecall tests on the third and sixth trials, subjects received a cued-recall test patterned after Warnngton and Weiskrantz (1970) , they were presented with the first syllable of each word and were asked to complete the word (A guessing baseline was established by asking each subject to guess a word given the first-syllable cue either 1 week before or 1 week after the experiment proper Each subject's cued-recall word score (a maximum of 12 from the two sessions) was corrected for guessing by subtracting from it the number of words that he had guessed As with the paired associates, the order of item presentation was the same from trial to trial and from learning trials to cuedrecall tests
The third list was made up of six disyllabic pseudowords (e g, cer-by, see Table 2 ) The syllables formed the words in a real-word list (e.g, ba-by, cer-tain) but they were recombmed to form pseudowords (e g, ba-tain, cer-by) The procedure was identical to that employed for disyllabic words On the cued-recall test the subject was presented with the first syllable of each pseudoword (e g, cer-?) and had to provide the syllable that would complete the pseudoword (e g, by responding "by" of "cerby")
Results and Discussion
The results from both sessions were averaged for each subject for each of the three types of lists In learning real disyllabic words, amnesics did very poorly m comparison to control subjects on the free-recall test. They averaged about two out of six correct on the last trial, compared to a perfect six out of six for control subjects ( Figure IB) . Consistent with the results of Warrington and Weiskrantz (1970) , amnesics gave many more correct responses with cued recall ( Figure IB) . The dramatic effect of cued recall in amnesics-their average score was more than five correct with cueswould probably have been even greater had there not been a ceiling effect that was caused by having only six items m each list. The effectiveness of cued recall on the control subjects cannot be compared with the effectiveness on the amnesics because of obvious ceiling effects.
Amnesics showed very little learning of the disyllabic pseudowords ( Figure 1C ), whereas all of the control subjects learned to criterion. As was predicted by a trace-activation view, the amnesic patients showed no benefit from cued recall with disyllabic pseudowords (Figure 1C) . Again, the near-perfect performance of the control group on free recall by the third trial prevents any analysis of the possible benefits that normal subjects would show on a cued-response test.
To demonstrate that cueing of disyllabic pseudowords can improve performance of normal subjects, a control condition was run using 10 college students. The protocol was similar but was designed to avoid ceiling effects. The list of disyllabic pseudowords con- tained 12 items instead of 6, and there was a cued-recall test after the first and after each subsequent recall test. On the first trial with disyllabic pseudowords, normal subjects scored almost identically on the free-and cued-recall tests (mean number of items correct was 3.7 for free recall and 4.0 for cued recall). On all subsequent trials there was a fairly small but highly significant (p < .005) difference of about two items between cued recall and free recall.
On the paired-associate task, which involves new learning as does the disyllabic pseudowords, there was no evidence of any learning in the amnesic group over six trials (Figure  1 A) . All of the control subjects achieved five or six correct responses in six or fewer trials. On the rare occasions when a response item from the test list was given by an amnesic, it was usually not the item paired with the correct stimulus. Only three of the six amnesics made any correctly paired responses. L.F. gave a total of 19 correct response items (out of 144 stimulus presentations), of which 3 were correctly paired (approximately the chance level of 1 out of 6, given response activation). T.S. gave a total of 16 correct response items with 3 correct associations, again close to chance expectation. Only V.A., the least impaired of the amnesic subjects, demonstrated any significant learning of the associations, and even here, of 16 correct response items, only 8 were correctly paired.
It is important to note also that memory capacity rather than intelligence was more critical in determining performance. It was V.A.-whose IQ was far lower than T.S.'s but whose memory quotient (MQ) was higherwho performed best on this task. Two other points are worth noting: First, amnesic patients are capable of learning paired associates normally so long as the members of the pair bear some relation to each other, such as battlearmy or battle-rattle (Winocur, 1982) . Second, recent work by Graf, Squire, and Mandler (1982) indicates that the type of instructions given at recall is critical in determining performance on this task. Using a procedure very similar to our own, Graf et al. presented normal and amnesic subjects with a list of words and later gave them the first three letters as cues. In the memory condition, the subjects were told to use the cues to help them recall the items on the initial list. In the word-completion condition, care was taken not to present the task as one that involved episodic memory No mention was made of the initial list. In- stead, the subjects were asked simply to supply the first word that came to mind, given the first three letters. Amnesic patients performed normally only in the word-completion condition. Unlike control subjects, they failed utterly in the episodic-memory condition. It is likely, therefore, that encouraging subjects to guess and to adopt lax criteria generally in supplying a response to the cue in the present experiment had an effect similar to that of Graf et al.'s word-completion instructions. These observations further support our hypothesis that it is primarily the episodic-memory system that is impaired in amnesia.
Experiment 2
We presume that a trace-activation process exists in normal subjects as well as in amnesics. A process of the type we have assumed has been implied or proposed by various investigators to account for certain data on word and order memory (Mandler, 1980; Morton, 1968; Murdock, 1974; Scarborough et al., 1977; Weigl, 1968) . It might have adaptive value m terms of activating engrams relevant to the task at hand. It might also be a byproduct of the design of the system in the same sense that the tubes in a radio remain hot for a while after the radio is turned off. If a trace activation (and the subsequent decay of this activation) is going on normally, it cannot be easily isolated because it is overlaid by the subject's memory of the time and place of entry of the material (i.e., his or her awareness of the memory itself. Thus, the amnesic patient might be an ideal subject for an attempt to isolate the normal trace-activation process. We have performed a further experiment to demonstrate the time course of this activation in amnesics.
Method
Subjects The subjects were five of the six patients (excluding H W) used in Experiment 1
Procedure Experiment 2 was run some weeks subsequent to Experiment 1 The stimulus materials were 18 pairs of common polysyllabic words selected so that both words of each pair began with the same syllable (e g, button, but-Vet) The members of each pair were approximately matched for frequency and length One member of each pair was assigned to one word list, the other member to another list, the two 18-word lists are shown in Table  3 The lists were presented to the subjects m sessions held 1 week apart Each word was presented on a 3-inch X 5- (7 5-cm X 12 5-cm) card and read out loud by the subject The card was then taken away, and the subject had to repeat the word from memory before the next word was presented The entire list of words was presented at least three times After each presentation the subject was asked to produce as many of the list items as he or she remembered After the third list presentation the subject had to repeat a string of digits that were two longer than his or her digit span, before the free recall of the words was tested Finally, after the three list presentations and the three free-recall tests, there was a cued-recall test of all 18 words in the list The subject was shown the first syllable of the word and was asked to produce the complete word. (If the performance on this initial cued-recall task was very poor, up to three additional presentations, followed by digital abstractors and testing, were administered) Cued recall was retested after 30, 60, and 120 mm ' Figure 2 presents the percentage correct on cued-recall tests (for both lists) for all subjects, ' In order to minimize repeated trials with the same syllable cues, Experiment 2 was designed so that six different words (every third word) would be tested at each of the three time intervals Unfortunately, the correct response rate was so low that in most cases 12 words had to be given at 60 mm to increase sensitivity, and all 18 words had to be given at 120 min (thus including words already tested) The introduction of extra exposures might tend to increase scores, but the low level of performance minimizes this artifact averaged over both lists, and corrected for guessing.
Results and Discussion
2 This activation process evidently declines over time, as shown by each of our 5 subjects. Note the substantial drops in trace activation by 30 and 60 mm and the apparent absence of activation by 120 mm.
Significantly, as in Experiment 1, performance varied with seventy of memory impairment and not with IQ. Thus, V.A. again obtained the highest scores, followed by T.S. and L.F.
We do not know whether the activationdecay functions of our amnesics have the normal time parameters However, there is no specific reason to doubt this The recent study by Graf et al. (1982) supports this view. The performance of both amnesic and normal subjects decayed at the same rate in the wordcompletion condition, reaching chance levels by 2 hours, which is within the range that we report here.
We suggest that a fundamental and previously masked feature of the human memory system, the decay of trace activation, may be most effectively studied m amnesics. One can 
Conclusions
In summary, we believe that the notion of severe consolidation block, coupled with trace activation, can account for many of the phenomena that characterize the amnesic syndromes. This is not to say that retrieval disorders, as described by Warrington and Weiskrantz (1973) , are not also operative. They can exist side by side with the disorder we are positing. In fact, although we believe that activation processes do contribute significantly to the symptomatology, there are symptoms that the proposed deficit in storage or episodic memories cannot easily handle. First, there are data on amnesia for events prior to onset of pathology (premorbid or retrograde amnesia) that must be handled by a retrieval mechanism (Rozin, 1976; Squire & Cohen, 1982; Warrington & Weiskrantz, 1973) . Second, there are a few instances m the literature-including the case of H.M.-in which prompting cues were effective over periods from 24 hours to months or years after exposure (Baddeley, 1982; Brooks & Baddeley, 1976; Cohen & Squire, 1980; Marslen-Wilson, 1975; Milner, 1970; Milner, Corkin, & Teuber, 1968; see Moscovitch, 1982 , for a more extended discussion). Whether similar mechanisms are responsible for this long-lived effect is not known. Recent observations by Graf et al. (1982) suggest that it may be that cue distinctiveness is a determining factor. Using a Figure 2 Decay of activation function for five amnesics, determined in Experiment 2 (The results for each subject are averaged over both lists and are corrected for guessing) 2 Each initial syllable was used in a word in each list Because all of the words were relatively common, subjects would occasionally guess the correct word for the second list while being tested on the first list, that is, they would guess candy from the second list, having just been exposed to candle from the first list To correct for guessing, we discounted any correct response if the same word was given to the same first syllable cue in both lists; that is, if the subject responded "candy" to can on both lists, we did not count a correct score for candy The net effect of this procedure was to reduce the number of effective items on a given list to those that were not guessed on the opposite list Because the actual number of meaningful items differed across subjects when guessing was taken into account, we used a percentage measure of success in presenting the results letter-cueing procedure, they found that if the letters specify only one or two words, as opposed to many words, then the trace-activation effect lasts at least 4 days and perhaps longer without any noticeable decay It appears that simple, single-factor explanations of the amnesic syndrome cannot account for all of the salient symptoms. It is interesting that the original theory propounded by Korsakoff (1889) assumed two defects* one m retentiveness (what we might call consolidation block) and the other in adequacy of the associative network (what we might call an encoding deficit), leading to retrieval problems (Cermak, 1982) 
